Gumz ML. Taking into account circadian rhythm when conducting experiments on animals. Am J Physiol Renal Physiol 310: F454-F455, 2016. First published December 30, 2015 doi:10.1152/ajprenal.00549.2015.-Do your kidneys know what time it is? Mounting evidence from human studies and animal models strongly suggests that the answer to this question is yes. The time has come to start reporting the time of day at which renal physiology studies are performed. circadian rhythm; physiology; reproducibility; rigor DO YOUR KIDNEYS KNOW what time it is? Mounting evidence from human studies and animal models strongly suggests that the answer to this question is yes. Human studies dating back several decades have consistently demonstrated time-of-daydependent changes in glomerular filtration rate, renal electrolyte excretion, renal blood flow, and circulating levels of several hormones that act directly on the kidney, including aldosterone ( Fig. 1 ) (for review see Refs. 14 and 19). A new report suggests that these rhythms are evident in children and teenagers, in addition to adults (6). Animal data from several laboratories have established a role for the molecular clock in the regulation of blood pressure, renal electrolyte handling, fetal kidney development, glomerular filtration rate, and renal metabolism (reviewed in Refs. 2 and 13). Importantly, unbiased global transcriptomic studies also support a role for circadian rhythms in renal function; the kidney is second only to the liver in terms of the absolute number of mRNAs that oscillate with a significant circadian rhythm (20). Collectively, these studies support the concept that time is an important aspect of renal function. A logical consequence of this finding is that researchers should consider the time of day in experimental design and, subsequently, should report the time of day at which experiments are conducted.
including cortisol and aldosterone, were produced with a circadian pattern (3, 7) . Importantly, they demonstrated that these rhythms persisted, even under constant conditions, the defining characteristic for a process to be considered truly "circadian."
The time of day at which physiological parameters are measured can affect the results of an experiment. One of the best examples of this concept comes from the laboratory of Dr. Ueli Schibler, arguably one of the giants in the field of circadian biology. Dr. Schibler's group published an important article in 1990 describing their discovery of a new transcription factor, D-site albumin-binding protein (DBP) (9) . DBP is a master regulator of metabolic pathways in a number of tissues, including the kidney, where it exhibits dramatic circadian oscillations (11) . This early work was led by Dr. Mueller, a "night owl," who performed his animal experiments late in the day (9) . Follow-up work in the laboratory failed to reproduce the initial findings! The later studies were performed by Dr. Wuarin, who had grown up on a farm and was an early riser, or a "morning lark." Collecting animal liver samples every 4 h over a 24-h period led to the finding that DBP was only expressed at distinct times of day, as the animal was approaching its active period (18) . As Dr. Schibler later described, "the 'success' and 'failure' in working with DBP depended on one's chronotype" (12) .
At least one example of the importance of time in studying renal physiology comes from the laboratory of Dr. Dmitri Firsov. Zuber et al. uncovered differences in urine and plasma osmolality between wild-type and Clock-knockout mice in samples collected in the morning (2 h after lights on) compared with urine samples collected 10 h later (21) . The morning samples were not significantly different, but the evening samples did exhibit significant differences. Together with hematocrit data, these data led the investigators to identify a mild diabetes insipidus in the Clock-knockout animals. This phenotype might have been missed had the separate time points not been investigated. Findings such as these lead one to wonder how often phenotypes may have been missed in animal studies, since negative findings are rarely reported in the literature. Given the recent calls by the National Institutes of Health for improved rigor and reproducibility in scientific research (http:// grants.nih.gov/reproducibility/index.htm), reporting the time of day at which experiments are performed in animal models represents a critical variable affecting not only interpretation of the resulting data but also another investigator's ability to accurately reproduce those data. Moreover, consistent collection of animal tissue from control and treated groups at the same time of day would only improve data quality and experimental rigor while reducing experimental artifacts due to time-of-day-dependent differences in sampling.
An important concept related to consideration of the importance of circadian rhythms in physiology is that the vast majority of animal research is conducted during daylight hours. This time frame corresponds to the diurnal nature of humans, but it means that physiological parameters are being studied during the rodent rest phase, because mice and rats are nocturnal. The implications of this disconnect between animal and human physiology are serious, especially given the hurdle of translating animal model findings to human disease. How can this issue be addressed? A logical, and easy, first step in addressing this critical issue is to simply begin reporting the time of day at which we conduct experiments. Considering the time of day in experimental design and reporting of outcomes need not constitute a significant burden to investigators. It requires just one additional note to be made in a lab notebook and one additional sentence to be added to the methods section of scientific manuscripts. Such an important addition to our investigative and reporting mechanisms may explain data that otherwise appear to be disparate or inconsistent and is likely to have major benefits for reproducibility of our findings.
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